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SINGLE PILOT SCANNING BEHAVIOR IN SIMULATED INSTRUMENT FLIGHT 

Jack E. Pennington 


INTRODUCTION 


General Aviation (GA) includes the largest number of aircraft Dilots 

?E r ? t, ! nS ^ ml1 ?! fl0Wn ’ accidents ’ a " d fatalities in the ai^Saffi? sys- 
tem (ref. 1). It ranges from single-pilot, single-engine, private airplanes 

J?alM tl Tn W % ,!,Ul ? 1 ' en9ine i C0 ^ porate air P lanes t0 helicopters and sail-' 
planes. A particular example is the small private airplane which is operated 
n the same weather conditions and under the same air traffic control (ATC) 
rules as commercial aircraft, but which has less sophisticated bionics 

IFR operations! 0t WUh 8 h ' 9h work,oad and Perhaps limited proficiency in 


Recognizing the size and importance of the GA community NASA has a 
continuing emphasis on GA, including aerodynamics, avionics'! and flioht 
management. An objective of the research is to decrease the pilot ! s work- 
load and increase the safety of and capability for IFR flight operations 
wh?rh ^search tool is the Langley general aviation simulation facility 
landing 1 S1mu ate a s1n 9le-pilot IFR mission scenario from takeoff to Y 


In a recent study pilots flew a series of basic fliqht maneuvers in 
the simulator, while control inputs and state variables were recorded In 
add-on, an oculometer (ref. 2 ) was used to measure and record ?lie pilot ? s 
lookpoint during simulated instrument flight. The objective of the studv 

IFR niSht a I?ef at ?l f0r H ref i nin ? a analysis model of single-pilot 

* i a 2 'r e t‘. 3)’ and a l so to provide a baseline for comparing results 
from later studies of advanced avionics. nanny result. 


This report explores the pilot visual 
simulation, and suggests areas for further 
and visual scanning measurements. 


scanning behavior during the 
study in cockpit instrumentation 


SYMBOLS AND ABBREVIATIONS 


Symbols 


mean of normal distribution approximating duty cycle distribution 


standard deviation of normal 
distribution, dimensionless 


distribution approximating duty cycle 


rri.-n-rr- ™ 




chi-square value computed in goodness-of-fit test, dimensionless 


Co5 critical value of x 2 at .05 significance level 


GA 

IFR 

ILS 

VLDS 

VOR 


Abbreviations 

General Aviation 
Instrument flight rules 
Instrument landing system 
Visual landing display system 
Very high frequency omnirange 
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SIMULATION FACILITY AND EQUIPMENT 


The simulation facility incorporated four separate pieces of equipment: 
a digital computer, a simulated general aviation aircraft cockpit, a visual 
landing display system (VLDS), and an oculometer system. 


Computer 

All components of the real-time sir illation were linked by a Control 
Data Cyber 175 computer operating at 32 iterations per second. The main 
program controlled the flow of calculations and real-time sequencing. Sub- 
programs included equations of motion, aerodynamics, power plant, landinq 
gear and braking, navigation aids (including VOR and ILS in the Atlanta 
Georgia area), VLDS drive signals, visibility and ceiling, and data 

airplane 9 ' The S1n,u1ated air P 1;5ne typified a single-engine, high-wing GA 

Dii Data fr ° n \ the simu }ation were recorded on magnetic tape for postprocessing. 
Pilot control inputs and oculometer output values were recorded 32 times per 
second (every iteration). Another 20 variables including aircraft positioJi 
and velocities and instrument readings, were recorded twice per second. 

Cockpit 

The fixed-base simulator cockpit (fig. 1) was arranged so that it could 
be operated either as a single or twin engine airplane, but for this study 

l«I?°]V ng i ne configuration was used. Flight controls included control 
whee and column with a hydraulically-driven force-feel system, rudder 
pedals, throttle, and a switch for electrically operated flaps. Trim controls 
were provided for pitch and roll. Audio cues were provided for engine and 
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simulator audits validation. 4 presents a l1,ore coni P le te description of the 

general ’aviation^rpfane^ f ° und I" 

?n?t^s;i c ^ n ?u^?!^? nd transponder — 

s£SKH^ 

Sr?hfp(au°re m ls e a r 

wJe'slii&df 0 '' tMS S ‘ Udy ‘ m11e v1s1M11 ^ ^°"d a 76m S (250 a rt) celling’^ 


provided HSaV^eV?! IZ i f | 9 t «* « » of 1:750 ’ which 
0.9 km. A standard 510 llnernw ™ 5 kllometers and a maximum altitude of 

pitch, roll, and yaw to present°the chanaina^^i The 1 0pt1cal he?d r °tated in 
pilot would see out thP D* chan9ln i angular relationships that the 

of the VLDS JSJ Us capabi litres . Reference 5 Presents a detailed description 


Oculometer 

fha are two primary oculometer subsystems: the electro-onHrai an H 

rotatl o^o^the^eyebal 1 ^h^especjlf t'hf % 
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TESTS 

Three pilots flew nine different fliqht maneuvers fnmci < n ri\ 
simulator. Each pilot flew each run three time" ?he rens were ttlfr, to 

w iKSMiCdS?!?: mss? ^r f rE s 

2°S,!" I*? e • «“» ° f the runs ,-are divided intS phlses! Jetlmlned' either 
cno^i-f^ Cal out or computer readout. This division was useful for analvzina 
pecific portions of a run which had unique flight conditions or pilot tasks? 

Runs 1-6 

Runs 1-6 involved straight and level flight (S&L), climbs descents 
turns. All runs began at 914m (3000 ft) altitude and 91 knots *(105 mob)* 
airspeed. Because of the assumed 76m (250 ft) ceiling, the visual scene 
was washed out as if by fog or clouds, so all maneuvers were performed on 
instruments. Climbs and descents involved 305m (1000 ft) altitude chance- 

SSI , 4 

Mots, were instructed to make calloutsltTredlsi^dre^iiSnsf al shoT' 

Run 7 

radial™" V 

when * intersec?ld1hl radiai 


Run 8 

in fim L !nA WaS T L h - 1 J ing p ^ tern ne9r a simu1ate d intersection as illustrated 
/!E ur ?J # lnter ^ ec ^ lon was defined by the Norcross V0R 254° radial 
and the Atlanta V0R 360 radial. The run began with the airplane outbound 
on the 360 ra dial and recording began when the airplane crossed the inter- 

so C the n niin? comple J ing the P atterr >- Altitude was 914m (3000 ft) 

so the pilot had to rely on instruments and stopwatch to fly the pattern 
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Run 9 


nf , J|j n 9 begar ? with ^he airplane at 853m (2300 ft) altitude on a headinn 
of 120 , preparing to intercept the ILS localizer for runwav 8 at%ho 109 
artsf,el,l International Airport in Atlanta, Georgia (?1g 5) The run 


PILOTS 


Three instrument rated pilots particiDated in th* T h a ^ ri • 

Fa?h r Jil5t’fl'ew C ea)h TnT iZ - d in Table ranged from minimal to extensile 
tach pilot flew each of the nine test maneuvers three times. 


TABLE 2 

Background of Subjects 


Pilot 

Years flying experience 
Total no. of hours 
Rati ng: 
private 
commercial 
instrument 
single-engine 
multi-engine 
i nstructor 

No. of IFR flight hours 


A B C 

3 12 36 

225 1700 2300 

/ / / 

/ / 

/ / / 

17 / / 

/ / 

y / 

18 230 280 






I'ATA ANALYSIS 


Method of Analysis 

However^ flatll o? C ?M ^sSJJSy^f s ^l" 81 ’ ^ analysis Possible, 

measure the pilot's scan pattern, <=o‘the anaivsi^® LS>e °J the ^lometer to 

lh ° f ° n0W "’" a "" l '' s1s Performed on a 0 „ n d^a1ef ta - 

matrices C °Thfefeiaents f of S tS n TOt?ic« t S?iS e Probab111 ^ transi tiun 

Of transitioning from one instrument tn anK d a ?? asure of the Probability 
reference 2 ? ^ *“ ^ 

fixation ) ^°?ncfudi ng rea,?! and^artfles 1 ’ 5 (i’n?e“a 0 ?s°c f o d !' e ' ' • tin ' e (durati °" of 
the frequency distribution) for each instrument contaimn 9 one-fourth of 

below)' Outy cycle, as defined 

effort to develop parameters for nel.tinllnS^l^^ p %“^g 

Dwell time and duty cycle are related as follows: 
during a phase 0 ^"™,“° nU "‘ ber ° f fixati °" s a particular instrument 
instrument? 4 A l<?pn!Se " t tlle duration (dwell time) of the ith fixation on tne 


3. Let 
start of the 

time spent lookino a 
nnlv/ n i i J v u "isirumer 

t " y n ~, L values of y are available Tn T” M ‘ ,u ' " ri *ai:ions 

fewer values of y might be availably al"d&3 WfiKS, 


y -j ^ GprssGnt the tirno frotn thp +u • 

next (i + 1 ) fixation. Thus, y inclSdes^hl 5 f J? a *t on to the 

t other instruments before returning r* 6 ^'" G p1us the 

V are o U ,n.,Mo T . 1° . ^turning. For n fixations 

still 


The duty cycle for the ith fixation is 

yj 

and the mean duty cycle is 

i "- 1 ' 

n -"1 


" rd y < '< " • 
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Effect Of Data Interruption 

was 1 oSkln9?"2nd y the e f low" oT’data wSu“ld be i S?e Jrup^ed 646 ™ 1 Where the pi,ot 

moved T hif hea^so*^^’ translated out c l°?!; d d “ , ' 1n9 a ' ,,ink - 1f th “ pilot 
at a point far outside the oculometer fie?d 'T 1 ™*’ if he ,0 “ !:etl 

flight controls), or becau^p n f i,,„j r ne ' d of view (such as radios and 

analysis following an interruption HeSpnrt°I SOftwa r e malfunction. Data 
interruption. interruption depended upon the length of the 

processing continued using I the a fa^t a La?fahi r p Pte ^ £ or . 3 / 32 sec - or less, 
fixation point). 9 labt available point of regard (location of 

a “blink"!',” ^ «* time required for 

processing resumed using the last available point^ga^. 66 3 b ' ink ’ and 

longer a dltTeS? I„7?*ansn!o7aX'r ed «/32 see. or 

restarted with the next successful track c ^ c ^ e calculations 

successfully tracked^o^each^urnm tlnie F in which the oculometer 

of run 1 by pilot A lasted 55.S Seconds"' the u first replication 

tracking for 54.1 seconds. d * During the run the oculometer was 

but uncertain of ^he 3 ] i^s t^ument ’ beTnq C ^eqarded Ul °Q eter C ° Uld be trackinc i» 
oculometer field of view was cii n h+i2 r egarded ; 0ne occurred because the 
so it would maintain track for a‘ short !" strument boundaries, 

away. The sec0 nd occurred beca so of V . " Pl 'f started “> '“ok 

that required three or more consomtivn ?! te ^] on ™ Postprocessing 
instrument to be counted as a -dwell- when iJiTnri* 1 s ? c,) . on thc same 
occurred it was assumed to result from sa,™i?»IV • or two 1tprati ™s 
instruments. Table 4 presents the ^percent of iterln' 3 3 ^\ nsitipn between 
-I dwell on an instrument was determined Pilot p-^h 0 ? 2 i' 1 t,ack 1,1 v ' ,lich 

nnoc1 - 1 1l0t R s data from run 9 was not 


y “ ~w * ; rfr/ 1 1 ,.T, v'4 a, fJt-lirj! 1 *■“ !? ; t vSn t fV ^ '• vVA' ire r.W>n ^ 1 ^ Of U»*. 




di)i) I yzod, 
completed. 


because of a calibration error which was 


found after the study was 


RESULTS 

Percent Time on Instrument 

Thp „ Presents the percent time on instruments found for each task 

for run 9 (pil^TSnl^d)?' A^Ish (-Tin^abfe S^gnlJl^thS"? 4 
ment^vas JessTtaj that P.rc.lT.W.^ n ,tru- 

Tho Anr- ie Pil ? t n ® ver l00ked at the tachometer in any of the runs (Table 11 
The ADF, marker beacon, and DME were used uttle hprsneo JLl }' aD ,e 

required the Pilot to obtain information from these instruments RunlT 5 
required two VOR indicators to determine the itersection for initiaHnn tho 
ho! ding pattern; VOR 2 was not needed in other runs ?he alt meter Ind ™te 
of-climb indicator (IVSI had moderate usage (4-10 percent and 1 fnprlnt 
respectively) in all runs with no obvious trends o/usage. P ' 5rcent ’ 

.. The out-the-window scene was presented only in phase 97 of run 9 
the percent of time shown in Table 5 may be misleadinn The tni-ai * , . 

tipe looking out the window was 21.8 seconds of the 1356 seconds in ™n 9 3ted 
(16 percent). However, 20.9 seconds occurred during 36.0 secSSds Sf pLse 97. 

■p "f i c i al horizon and directional gyro were located dirprtlv in f^ nn ' 

'°^1 and s P en t . rriuch of the time looking at them in all runs The 

other three instruments— airspeed, turn and bank indicator and VOR u-hari 
small to moderate usage, depending upon the task flown. Runs 7 8 and" 9 
invoked tracking a VOR radial or ILS signal, and VOR i was used extensively 

rate tur^s^so^h^Jrn^and h’ l -"h- 8 i nvolved headin 9 changes and standard 


Mpproacn tKun 

The simulated ILS approach task (run 9) was analyzed first becaucp thu 

ll »"« ° f . thp " l05t critical areas of aviation operations The runs were 
analyzed in two parts - tracking the glide slope (phases og inH q c\ 

',^r C T t l n! 1 , the ,l 0Ca,izei; and 9,ide s,ope (phases 91-93). Phase 97 S 

oEt at" the'i ns truments^ ° f the Pha$e WaS f,0 “" >° dk1 " 9 


I runs i t. ion Ma Ir j x 

c in .S!!«‘K’#,X^X l !r!h! , 5 ,Mtrices for ■>"<•* A *" d 

matrices arc based on the time on in t b IL 1n sec °nds. The transition 
throe replications. McmnT element i* 'I'? 5 ’ a ? d £ \ re avorat ’ ed over the 
pilot will oinnnn hi ■ ! represents the probability that the 

instrument in co luiiir^ j 1 Fo r C V>xam|!l e' 1 tab?e t 6^h MStr H IPnt in r0W 1 to the 
transitioning from the artifical mri^n to +h h< ? S that the Probability of 
The column sum is the percent of ! g J , th ? dlr P Ctlonal Wro is .013. 

Table 6 shows that only a small oercont nf £!f nt °° klng at the instrument, 
indicator and altimeter Tho minfc^ °! tll11G was s P cnt an the airspeed 
instruments: the artificial! horizon Ver *?° p ? rcGnt of the time on three 

which displayed local ize^and h g^de n sloJe “°" al ^ (HSI) ’ and V0R 

general practi'ce^f qroSpil!"^ consistent with the 

(reference 7). However the n instruments in a "T" pattern 

sophisticated avionics the^ourse deviat?on W ?nf° UtS J - G tf ? is 9roup * In more 
the attitude indicator or horizontal sif Ttili 15 of t™ combined in 
the effect of moving the ILS and a? d °? l ndlcat °n. Investigation of 
better" location wL beyond lit Hi* l\Zul^V° n ^ #1) '° 3 

for pilots A SJndTfn Jhases°91-9 V ^Despi t^the Tiff™ ^ m ? an dWe11 time 

still the dominant instruments. Z ° n ’ 1rectlona l gyro and VOR indicator were 
Histogra ms 

dwell time and duty cycl^data^ Pilots’ scanning behavior, the 

and VOR/ILS indicator w^e e(l, nod ?n ^T 0 ! horizo^, 

trated on pilot C in pSs 95 "Sd 96? In,tfa ' analysis concc^- 

tionafgyrtMn phases t 95-% S ^Thf^dls t ri li d ? P ’ t1me occurrences for the direc- 
mode at 3-5 Iterations ( l'- 2 Ml) " !!!, appea, ; s t0 be b1nroda U "Uh one 
(-5 - .3 sec). It seems reason dl?o til!!. a ?°. tber n,ode at 15 ‘ 25 derations 
have sufficient time to assimilate data* hit 'hi^ 0 "' 1 , 1110 ^ th ? pi,ot U( ’ l|ld 
short dwell times is nuzzlin', nl u™ T thl f 'r st " ,0<te w1th tic very 
involve data transfer? but is an arHf?rJ hCS1S il- th ^ t,1e first mode do0!; not 
dyro hefnq at the c e f h „ f resulting from the directional 

dives an indication " he ceSta- rf t o , If true - thr ” 0) it 

instruments should not show the no o , scan pattern, (2) other 

tin? first iiiu'Iij i,oul d bo omitted in ! time, and (3) the data in 

short (less than ,0 itoraTTuls duo f“ & fi], ‘™!*J er ; r Omittinc, the 
cent guartiles at: tH data had .2 j, .bO, and .7b per- 


! 


jrpntM!'** 






mwm *vnTTj i if jmi mu jpuipm*" J w wyiwvj a wa w j pi ' w 


• I’!) t|u.u*t i 1 o 
.80 quart ili' 

• 78 quart Mo 


(.'>() sec) 

(.()() M'(. ) 

( '/!'< sec) 


Thus , despite the* data's lack of form and the occasional lonn dwell times the 
interva'I ,° f ^ dWt?l1 tlm ° S °" the directional W™ fp H in a relatively small 


tiqure 7 shows the distribution of dwell time for the artifiriii h nM ' 7n „ 
and the VOR instrument. Neither distribution shows the large dcair?ence of 
..lio t dwell times seen with the directional qyro (fig. 6). J Therefore in 
analyzing these duty cycles, all of the data' were used. ’ n 

os o, Fi T e . 8 S, - 10 * S the duty c y c1c data for the directional gyro in phases 
• b ‘ ta ;f P° int represents a look at the instrument by pilot C. The only 
obvious pattern is a relatively large number of occurrences at short dwell ^ 
times. These correspond to the peak at short dwell times in figure 6 

Figure 9 shows the distribution of the duty cycle data with dwell times 
less than .3 second (10 iterations) omitted. Figure 9 is interestina in ti-nt 
it resembies a normal distribution except for the lack of a tail on the left* 
side. If the duty cycle data were distributed normally, then it miqht provide 
another basis for examining and predicting visual scan characterise cs. 

if •? ! h0WS the samG distribution plotted on probability paper. 

If *,!! distribution were normal, the histogram would plot as a straight line. 

5 Stra , 1ght 0VGr . muc h Of the histogram indicating the duty cycle 

bG fl PP^ xlniated . b y 3 n °™al population with mean p and 
standard deviation o. The mean is estimated by the median X cn since the mean 
and median of a normal distribution are equal. In figure 10* 50 


u 


X .50 = - 505 ' 


y m I h !c St ^ d f d dev J ation is estimated by relating the duty cycle variable 
X to a standard normal variable Z, having mean zero and standard deviation 
of one. The values of X and Z corresponding to a cumulative probability p 

, respectively, and are related by 


are denoted 
X 


and Z 




£_ 


V 


I?® cumulablv e probability p is the area under the standard normal curve 
from -<« to Zp, and is available in statistical tables (ref. 8, 9). At any 

selected cumulative probability, Zp can be used to compute o by 


10 


for example, 40 percent of the area under the normal curve lies between 
60 ~ 0 and 7. g g = 1.283. From figure 10, 40 percent of the duty cycle 

population lies between X <5Q = p = .505 and X gQ - .710. Therefore, 


f 90 = ‘• 283 


’jil! = (.710-.506) 
a a 


and 


_ .205 _ 

1.283 ~ 


.160 


Figure 11 shows the duty cycle histograms for the artificial horizon and 
the VOR indicator, plotted on probability paper. Both curves show a straight- 
line fit for the data over much of the histogram, but over a smaller ranoe than 
for the directional gyro in figure 10. This suggests a normal distribution, but 
probably a poorer fit than the directional gyro data. 

The next step was to examine the duty cycle data (1) for the same pilot 
performing a different task, and (2) a different pilot. 

Figure 12 shows the duty cycle histograms for pilot C in phases 91-93 
(intercepting the localizer and glide slope). Figure 12 shows essentially the 
same trends as figures 10-11, indicating that the duty cycle values might be 
approximated over much of the range by a normal curve centered at the median. 

The duty cycle data for pilot A was analyzed next. Figures 13 and 14 
show the duty cycle histograms for pilot A in phases 95-96 and 91-93, 
respectively. The curves are similar to figures 10-12 for pilot C, each having 
a region of linearity with nonlinearity near the ends. The requirement that all 
duty cycle data must lie in the interval 0.-1.0 forces the curves to be non- 
linear at both ends. This corresponds to cutting off the tail of the normal 
curve. Also, if the median is large or small the duty cycle distribution will 
be skewed, resulting in a poor approximation to a normal curve. 


Duty Cycle Summary 

Since figures 10-12 suggest a normal distribution for some of the duty 
cycle data, a chi-square goodness of fit test (reference 8) was made to test the 
hypothesis that a normal curve approximates the duty cycle distribution. The 

value of x 2 is computed as 

X 2 ■ S (o., - e.) 2 /e. 
j=l J J J 
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Who r 


■ «J W l Ireguoncy, „ is tho expected 

(Uionroi Impiuncy, N is the total f ro.iuoi 


roguoncy , and 


2 > 


t - tlu.' d.iln .ic t.na I |y ci 


. . coHK' from a norma 

(I I S !.)• I I>I|I Kill k; (ii| | 0\7( V I with 

1,1 1 l,!: ’ " • ( i ni < i v.i I s ) used in eomput irig y Z. 


/ ,/ . distribution, then theoretical v 2 

I. (h-^ denrees of freedom, where K is the number 


, ro5Unf| ,,t t,K? - 0b significance level, with critical value x 2 the 
hypothesis of noni„,l distribution of the data would be rejected if A 9 

x > x 05 ‘ 

(phnsSW™ '55-96) the K U ai, C S^ d ?J a pi,ots <" *>th tasks 

? ^ r9Ct,on,, 

tho other two instruments, pr^abiy bec.°Ise”.TJk2nSJ 

(or the duty cyc’e data, its consistency 

and the directional gyro the doty cycle distrtbutf™ ^ ? rtlf,c ’ al horizon 
the same in both phases for niint- A T h 0 a I butl °? ^ J . and o) was essentially 

same in both phases for niint r Sa The d ^ y cyc1e distribution was also the 

between the tSo pflotZ s^oestino tZTt>L ! tatistics were different 
di fforontl y . ’ ^ ® P^ 0 ^ scanned the instruments 

and tasks (nbases) Clt This i s ? r e a s o n a h l 1 n (* 1 c a 0 r ” as different between pilots 
differently in Jhetwo tasks ?or ?a t because the ndicator was used 

Md for '‘''c™ 1 a "" VGr tical (glide slope) guidance 1 "] n^phases e 9 5-96^ aSeS 91 ' 93 ’ 

metric-'-an^norociable chZe'Iritt'diiife^? des1rab J« 1n « scanning behavior 
change with change in vSftask pa ‘*c rns > an appreciable 

■' ual task ’ and consistency with a repeated task. 

nw oll Ti me? Smi'ivn ry 

each niint] based “ M^wnthTr*^ ° f ** n <"«««"> ««. for 

Tab'o shows the dati for , se 9 -9 fab T °J 8 dut * cycle. 

•N-nr,. r;,., tT-'mn-M -n' Anf K • A JJ ’ Table 10 shows the data for phases 
I-M-Vn- ;'i i' | t , u , ' ,3 ld wlnd ? w aro omitted from the tables because 

instrunrntn iHvirv, at '11^'™^ dutv Jvrl* Q " arti1c data is Presented for those 

i n <.f I'vii i ; • | |,y (.bo nrulometer lon'nn fr l^^- 0 C fh ^^0nC ^ S ■ When a duty cyc1e was 

ocu lomctcr losing track, tho postprocessing program would 






n 


, . 1 ' " !l , ! 1 "’ l" , ' , vnur. value ni ,| w .'| | (or Ii 
lr.u.kin«i resumed. Ihonlnrc, ||„, ( | ll(ll is 

ll ", VlM 1 ••liown in I .ill 1 1 ", (, and 

* 1 1 ion mo I r i \ . 


iii'.I.ruiiK'nt: and start, ovor when 
based on fewer samples of dwell than 
' Wfiic.h js based on the— pToba-b4-l i ty 


.n-V i’ i Vi! i i "I!;!,- i "..i/'i’h.J, 11 ;! n !!j 1 “r li h :'l!,‘:r^ i< l t ' r n , b' onner dwen t, '" ie »« 

>iyrn. n, i, i, |.|„, ' „ I , I lwu 1 on tho directional 

z': ir, n . * f; r «- aMi«8S: a? 

results , ■ ..t-s.-n <• | [ ' n ‘ ’I!*", 1,0 ,*T lK ' twM ” «*«'“"». and tho 

for tho ..rtino^n horlron and ,|L 1 flMtions a|)pMrs 

--alinut once every 1.3 serond The VOIl indie ’ ’'hil Sl| ngests frequent samplinq 
he expected hoc, lose of the difference'*,, Jut f t0 L dataare “"equal, which would 
indicate a much loiujer period ^een the tW ° phases ' a " d 


1 v - • i i 1 1 m.; 




1 " 'V j ^ i ^ in rven 1 Jj 


in ruS b l- C 8. lZ and ^ ^ data *>' all three pilots 

time and duty cycle. In most' cVses'^hn lin? 1 be * ween runs in b ^th dwell 

time are close, with the mean dwell L ! ? WGl1 t , ln,e and the mean dwell 
oeeurrence of long dwell times In the V ,c n "If c ?, r9er because of the occasional 
difference tends to | h •' < - , M 0 ? f * he artificial horizon, the 

over 25 per « to „ ? o o HE the ^rtile data, 

second, lor examp le| 1,, ^n,n ^^ , (^o^ ?he Swo ! 'T' 2 ° M laSte f OV€r one 
second ; and ?? of those 67 hr ted nv nv f Wn c W( j occurrences lasted over one 
pitch ami roll attitude cl I, r se ™" ds : seems reasonable that 

l ™ 1 ' 1 necessary to determine tho rale of clunw of atI?S ”2**1*? period 
presently underway to relate sea., nine, Lf tl, m"L? .rtfJlHa. U< ”' k " 

*? bctwee " *«" tte and duty 
may provide insight into the d i 1 ni * inf 1 f ^ Ua scat ? P rocess - Together they 
reasonable that dwell t ' m s „ L.i ^ "“J 1 ?!’ re ? u1 ' rements • lt appears 
information from an instrument T '?!° r of . t ' ,G tlllle required to extract 

dwell times for the marker boanu.^ C ”"? - S , t S nt W the relatively short 

dwell time for the turn and hank i ndir ifm^ f'+h an ? ^ le cincl the lonqer 

h'tnZmis' 1 •«? <i Sr-as** a 


Sean Pattern 


Hie probability transformation matrix can 
y' s ' l Ml l M,, «’ni. It is I rei|„en I I y assumed 

ml 1 H'* Iriimont. Man pat tern-- look i nq at 

lloweyor, previous studies 


provide insight, into tho pilot 1 


I bc oriu ina I iir.l riiinenl 


that, a pilot will use a sequen- 
several instruments before roturninn to 
* * • ' (ref. G, in) of scan 



I'.il ti'i'ns , hiring s imiil, i[pi| .i|i|ir'oiidii's in coiiNiiorcinl ,ii irri It tmlliatoil tint 

1’h Ih"' 1 '’ *, 011 t »• «« : $ V 1 


a It. b piiM'iiis a form of the transition matrix for runs 1-H. The 
"Mtix S in forms of total numhor of ooourroncos rathor than transition 
prohahi ! ity, as was presented in Tables 6 and 7. Tho probability transition 

Tl'V-i nil! T ' 1 )'''''aV,T , " Vi ' l ;r’ "“t'' 1 * hy tl “’ n«*e? of intervals 

oi T/r 1 I! - , : A y all . a °. n . t10 l,,aii1 iliaijonnl represents tho total number 

. l/ ? f- sc. t.ond intervals in which tho pilot viewed the particular instrument 

•» all nine replications (three by each pilot). The off- iiaq n^ * Z'o the 
mimhor of transitions from the instrument indicated at the side of the ,,, trix 

”, .UTtlonl’tVom The' f h0 For «a«Ple, Table 20a shows 152 ’ 

taansUions ttom the directional gyro to tho artificial horizon in run 1 and 

147 transitions from the artificial horizon to the directional gyro 


Table zO shows two important characteristics. First, a high percentage of 
to transitions were either to or from the artificial her zon. Th s was 448 of 
the 5,4 transitions in run 1 (Table 20a). This Indicates that the pilots used 
the aititicial horizon as "home" and that most transitions were to one instru- 

"'mni a ' U | t U ' 11 hack ‘, ? ocond » tlic transpose elements of the matrix tend to be 
< lual, showing no obvious pattern for a sequence of transitions Occasionally 
two or more instruments were scanned before the pilot returned to the artificial 
horizon, but there was no discernible pattern. aititicial 


This result suggests that a more efficient presentation miqht combine the 
information to be presented into fewer instruments. This could' increase the 

-re time to assimillT°?nfo™t 


, • i , mv.v.vi mint umi: tu agminate r.no l nt o nr, a- 

decrease 1 Thi’’ wi*l 1 "bJ 1 fest -° d i S ° tho duty cycle "'W* actually 
mil i.a sc. • nns will be tested in future simulation studies. 


CONCLUDING RLMARKS 


A simulation of tasks associated with single pilot general aviation fliaht 
flight rules has been conducted as a baseline for ?ui^e 9 
• , V. studies on advanced flight controls and avionics. Durinq the 

simul.it ton the pilot . s visual scan pattern including point of regard was 
measured and recorded. Analysis of the visual scan data indicates: 


mini fNcept for the artificial horizon, located directly in front of the 
P lot, the number of occurrences of dwell ("looks") and the dwell time 
dmatien) were consistent with tasks information requirements, and appear 
ulatid to the time required to assimilate data from an instrument. 


A second parameter, duty cycle, was investigated for the first time in 
Hus study, .ike dwell time, it. tended tu lie different between instruments but 
ninsis cut between runs. Statistical analysis indicated that skewness preJentn 

distribution 1 ' n " h °" for ,ln i " stru,m ' nt ^'cm approximating a nornuil 


.i. IHvt'll I i mu' iiiul duty oyrlo t hi'r may prnvido an i inii cat. i on of 
iir.lnmit'nl s.unp I i n * i durat ion and lrot|uonry, which may ho usoful in modolini) 
vi'aial '.tannimi hohavior. 

•1. Analysis of tho transitions hotwoon instrumonts showod that pilots 
ti'inlt'tl lo loans i timi from a primary instrumont. (the artificial horizon) to 
anot lior instrumont and t lion roturn, ratlior than scannini) a soquonco of 
i ns I runu'iit s . 


lb 
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Table 6. Probability Transformatior. Matrix, Pilots A and C, Phases 95-96 


PROBABILITY TRANSFORMATION MATRIX 
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Table 9. - Dwell Time Data For Phases 91-93 


Instrument 

Pilot 


Mean (sec.) 

.25 Quartile (counts) 
.75 Quartile (counts) 
Median (counts) 

Median (sec.) 

No. of Occurrences 


A C 


Art. 

A 

Hori z . 
C 

CO 

CO 

.49 

13 

8 

28 

19 

19 

13 

.59 

.41 

163 

92 


IVSI 
A C 


Instrument 

Pilot 


Mean (sec. ) 

.25 Quartile (counts) 
.75 Quartile (counts) 
Median (counts) 

Median (sec.) 

No. of Occurrences 


ni 


Dir. Gyro* Turn & lank VOR 1 
AC AC AC 


.82 .19 i .51 .6 


VOR 2 
\ C 


.62 .13 .15 


.13 

23 0 


9 omitted 




























Table 10. - Dwell Time Data For Phases 95-96 


Instrument 

Pilot 

Mean (sec.) 

.25 Quartile (counts) 
.75 Quartile (counts) 
Median (counts) 

Median (sec.) 

No. of Occurrences 


Marker BCN. Altimeter! Art. Horiz. Airsoee 


.14 .59 .38 .86 .43 .4 


6 13 8 

16 39 18 

9 19 11 

.28 .59 .34 

7 22 158 IPS 



Instrument 

Dir. Gyro 

Pilot 

A C 


Mean (sec.) 

.25 Quarti le (counts 
.75 Quarti le (counts 
Median (counts) 
Median (sec. ) 

No. of Occurrences 


.71 .14 


.66 

105 6 0 


VOR 1 
A C 

.50 

.56 

12 

10 

19 

23 

16 

17 

.50 

.53 

67 

97 


DME 
A C 


VOR 2 

A 

C 

.09 


2 

0 
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Table 12 . Continued 



No. of Occurrences 












Table 12. Concluded 
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Table 13. Continued. 



13. Continued 






Table 13. Continued. 



Table 13. Continue 
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Table 13. Continued. 



i able 13. Continued, 
(g) Run 7 
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Oculometer operating principle. 
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Figure 11. - Cumulative frequency distribution of duty cycle, 
Pilot C, phases 95-96. 
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Figure 12. - Cumulative frequency distribution of duty cycle 
Pilot C, phases 91-93. 
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Figure 13. - Cumulative frequency distribution of duty cycle 
Pilot A, phases 95-96. 
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Figure 14. - Cumulative frequency distribution of duty cycle 
Pilot A, phases 91-93. 


